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Abstract 
Abstract: The advent of new nanometer process technologies has made it possible to integrate billions of transistors on a 
single chip. The increase in functionality coupled with decrease in size has resulted in more power consumption and this 
increases the need for a better and efficient power dissipation. This is resulting in significant amount of leakage currents 
flowing into the substrate made up of Silicon. This is resulting in increase in substrate heating and the thermal noise thus 
generated is coupling with the other signals. In this paper optimization of the Sherwood parameter has been carried and its 
effect on controlling the substrate heating is studied.  
Keywords: Taguchi, Soret, Dufour, Local Nusselt, optimization, Grashof Number, Silicon, Porous, Lewis Number, Boyency 
Number and Sherwood Number. 
 
Click here and insert your abstract text. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the International Conference on Nanomaterials and Technologies (CNT 2014). 
Keywords:Type your keywords here, separated by semicolons ;  
1. Introduction: 
Thermal management is a critical issue in integrated circuit design. With each new technology generation, 
the feature size is decreasing while operating speeds are increasing with an increase in package densities. All these 
factors contribute to elevated temperatures detrimental to circuit performance and reliability. Furthermore, hot spots 
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due to spatially non uniform heat flux in IC’s can cause physical stress that further reduces the reliability. While a 
number of techniques have been proposed, most are still unable to handle the varying thermal profiles of an IC. 
Power Management has become an increasingly important issue in integrated circuits design. IC’s are quickly 
reaching temperatures that will render the current package-level cooling techniques inadequate. This overheating is 
the main cause for a large portion of field failures. The trend in semiconductor industry is towards smaller, faster 
and higher power devices. Thus the thermal management is becoming increasingly important [1]. As the 
performance of the device increases, higher temperature and lower reliability become major factors in the design of 
devices. Increasing the packaging density reduces the overall size of the device and is cost effective. This also 
improves the overall electrical performance, but from the thermal view point, high power in smaller devices is a bad 
combination. This increase in high power density must result in a better thermal management. The convective flow 
through porous media has been an active research area and is expanding tremendously [2]. There are varied usages 
of this particularly in the areas of scientific and engineering applications. The double diffusive convection in porous 
media has become very important in geophysics particularly in the area of saline geothermal fields. A 
comprehensive review of the literature of the convection flow in double diffusive porous material is done by Nield 
and Bejanin [3]. The diffusion of matter caused by temperature gradient is called Soret Effect and the diffusion of 
heat caused by the concentration gradient is called Dufour Effect.  The significance of these two effects will increase 
as the temperature gradient and concentration gradient increase. The Soret and Dufour effect on Hiemenz flow 
through porous medium onto a stretching surface was proposed by Tsai and Huang in [4]. The influence of Soret 
and Dufour effects on the natural convection heat and mass transfer in a cavity due to combined temperature and 
concentration gradients was studied by Weaver and Viskanta in [5]. Hayet et al. in [6] analyzed the heat and mass 
transfer for Soret and Dufour effects on mixed convection boundary layer flow over a stretching vertical surface in a 
porous medium filled with visco-elastic fluid by homotopy analysis method. A study on natural convection heat and 
mass transfer in a semi-infinite vertical porous flat plate in a porous media considering the Soret and Dufour effects 
was carried out in [7]. Postelnicu [8] worked on how a magnetic field can influence the natural and vertical 
convection surfaces in porous media with reference to Soret and Dufour effects. Alam and Rehman [9] developed a 
numerical model in 2D- Magneto hydrodynamic free convection heat and mass transfer. In [10] a Soret effect with 
reference to the thermo solute convection has been studied in detail. Alam et al. [11] studied on free convection and 
heat and mass transfer flow of a viscous incompressible fluid past a continuously moving semi-infinite vertical 
porous flat plate. Similarity solution technique was used to solve the effect of double dispersion on free convection 
heat and mass transfer from a vertical surface embedded in non- Darcy electrically conducting fluid saturated porous 
medium with Soret and Dufour effects by Paartha et al in [12]. 
2. Heat Transfer Problems in Nano Electronics 
Inverse heat transfer problems are very important for thermal testability of integrated circuits. A 
mechanism to measure the temperature in real time using built in sensors has been proposed by G.DeMey et al in 
[13]. The increase in both the power and power density resulted in more attention being paid to the Thermal 
problems [14]. The effect of increase in temperature beyond a certain threshold on life time of the device has been 
proposed in [15]. The silicon micro fabrication technology has grown rapidly in the recent past. The advancements 
made in the fabrication are due to introduction of silicon based sensors, actuators and other micro-mechanical 
devices. The transport of the charge carriers and the reliability of electron devices have been found to improve when 
re crystallization of the semiconductor films deposited on the amorphous substrates has been done.  The use of light 
sources to melt and subsequently re crystallize thin semiconductor layers on insulators such as oxidized wafers and 
bulk amorphous substrates has shown good potential for applications to commercial VLSI technology [16]. The 
crystal growth in silicon film melting and solidification is mainly controlled by the temperature distribution in the 
semiconductor material. The heat transfer depends on the laser beam total power, the lateral distribution of the beam 
intensity and the translational speed of the target material. Numerical techniques have been proposed in [17] to solve 
solid-liquid phase change problems. To the laser annealing of thin semiconductor films one-dimensional phase 
change finite difference models have been applied in [18-19]. Approximate solutions were proposed for temperature 
distribution of thin silicon layers by scanning the laser beams of elliptical or circular symmetry by [20-21]. A 3-D 
model transient numerical algorithm has been developed by [22] for silicon laser re crystallization and melting, this 
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model is based on the conventional enthalpy model developed by [23-24]. A finite difference scheme incorporating 
the enthalpy formulation can be used to calculate the distribution of the temperatures in the structure and the 
location of the solid liquid interface in a thin silicon film deposited on the glass substrate. The energy transferred is 
utilized in two ways, one portion utilized for phase change and the second part is the sensible energy. In view of this 
energy distribution, the conventional enthalpy method has to be modified to take care of this energy distribution.  
3. Taguchi Method Of Optimization 
The Taguchi method is based on the orthogonal array experiments which give a much better variance with 
optimum settings of control parameters. The combination of the design experiments with the optimization of control 
parameters will give the best results [25]. 
The Taguchi method breaks the optimization problem into two categories:  
(a) Static Problems and 
(b) Dynamic Problems 
A process to be optimized has several control factors which directly decide the target or the desired value of the 
output. If the optimization is done using the best control factors, it is called the Static problem. This ensures that the 
output is the target value. The important characteristic of the Taguchi method is to minimize the variations in the 
output even in the presence of noise.  
The dynamic problem is applicable to those systems which have a signal input that directly decides the output. Here 
the optimization involves determination of the best control factor levels, to get the input and output ratio as close to 
the desired target as possible. The orthogonal arrays allow for a significant reduction in the number of experimental 
runs to find the optimal solution. The orthogonal array allows for the evaluation of the values of other factors. This 
property leads to reduction in the number of test runs needed to cover all the combination of factors and their level 
resulting in quicker testing to achieve desired results. 
4. Heat Transfer Process Parameters 
The heat process is represented by coupled nonlinear partial differential equations in porous Silicon and 
Germanium. By identifying heat sources and heat fluxes may result in designing of ultra-low power circuits. The 
PDEs are solved by finite difference scheme assuming that boundary layer equations in porous Silicon and 
Germanium. Local heat fluxes along the vertical isothermal surface immersed in porous Si / Ge are considered. The 
parameters considered for optimization are Thermal Diffusivity, Thermal Expansion Coefficient, Thermal diffusion 
ratio, permeability, specific heat at constant temperatures, Raleigh number, amplitude of wavy surface and mass 
expansion coefficient. The diffusion of heat is caused by the concentration gradient. The Thermal physical 
properties are homogeneous and isotropic. 
To model the phenomenon of diffusion, diffusion equations can be used. These can be used to model the 
spread of particles like ions and molecules with the change in concentration from the areas of higher concentration 
to lower concentration. Numerous problems in engineering have been solved using the partial differential equations 
involving the fractional order in their derivatives. Keller Box method can be used in solving the one dimensional 
time fractional diffusion equation. 
The Grashof number is a dimensionless quantity used in analyzing the velocity distribution in free 
convection systems. Free convection is the natural tendency of substance to migrate due to some driving force. The 
thermal diffusion is also known as Soret effect, and corresponds to the species differentiation developing into an 
initial homogenous mixture submitted to thermal gradient. The energy flux that results because of the composition 
gradient is called Dufour or diffusion-thermo effect. The Local Nusselt number is the ratio of the types of heat 
transfer near the boundary.  The parameters like Grashof Number (Gr), amplitude of the wavy surface (a), Soret 
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effect (Sr), Dufor effect (Df), Lewis number (Le) and (B)  can be analyzed in detail numerically Buoyency ratio by 
Keller Box implicit finite difference scheme. The local Nusselt number is then analyzed by tracing the local 
cumulative heat and mass fluxes. 
The effective mass of a semiconductor is obtained by either matching the maximum of conduction band or 
minimum of valence band by using parabola. This is a complex problem as the anisotropic effect on the maximum 
and minimum vales. The effective mass is studied in two forms, one is the effective mass for the density of states 
and the second the effective mass for conductivity calculations.  
4.1 Effective Mass for Density of State: 
This effective mass is equal to the mass that provides the density of states calculated by using isotropic 
maximum or minimum.  
 
 
Equation (1) is the density of states in the conduction band   
 
 
 
Equation (2) gives the density of states in the Valence band. 
4.2 Effective Mass for Conductivity Analysis: 
The effective mass for conductivity is the mass used in conduction and is dependent on the detailed structure of 
the semiconductor. The calculations also depend on mobility and diffusion constants. The conductivity of the 
material is inversely proportional to the effective masses and it is also found to be proportional to the sum of the 
inverse of the individual masses which are multiplied by the density of the carriers in each band.  
In this paper the Sherwood number has been optimized so that the thermal management of the substrate can be 
handled in a better way. The Sherwood number is a dimensionless group foe convective mass transfer. By 
optimizing this parameter the charge flow in the substrate can be controlled so that the substrate heating process can 
be controlled in Integrated circuits. 
5. Results 
The thermal parameters taken are Amplitude of the wavy surface (a), Grashof number (Gr), Buoyency ratio 
(B), Lewis number (Le), Dufor effect (Df) and Soret Effect (Sr). The L8 of the Taguchi method is used for 
optimization of these parameters. The Table 1 shows the thermal inputs taken for optimizing using the Taguchi 
method.  
The Sherwood number is optimized for the parameters and is shown in Table 2. As seen, the values of the Sherwood 
number can be changed with the parameters indicated in    Table 1. As such depending on the type of the substrate 
used the Sherwood number can be controlled and a suitable value can be chosen that will help the heat transfer 
process in the Integrated circuits. 
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Table 1: Input Parameters 
Row a Gr B Le Df Sr 
1 0.2 1 1 0.5 0.02 0.02 
2 0.2 1 1 1.0 0.04 0.04 
3 0.2 2 2 0.5 0.02 0.04 
4 0.2 2 2 1.0 0.04 0.02 
5 0.4 1 2 0.5 0.04 0.02 
6 0.4 1 2 1.0 0.02 0.04 
7 0.4 2 1 0.5 0.04 0.04 
8 0.4 2 1 1.0 0.02 0.02 
 
Table 2: Results 
Row Sherwood Number 
1 0.45061027050024077 
2 0.50694060392735529 
3 0.38103011951540033 
4 0.54851922352588189 
5 0.51860343870414660 
6 0.74366445839163053 
7 0.37470202744268688 
8 0.54140488299076406 
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